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The presence of isoagglutlnlns in human blood, first described by 
Shattock and Landsteiner (1900, 1901) has attracted  a great deal of 
attention, especially since the introduction of blood transfusion  and 
the recognition of reactions that may follow in some instances.  At 
the suggestion of Dr. W. L. Moss, I  undertook in 1914 to determine 
whether isoagglutinlns, as present in the blood of adults, are present 
at birth, and if not, at what period of life they are established. 
The presence of isoagglutinlns irL the blood of adults regardless of 
health or disease has been well established, and it is not intended here 
to state more than the fundamental facts  of  adult  isoagglutinatlon 
before passing to the question of infants. 
Landsteiner (1900,  1901) noted that when the serum of several individuals was 
tested against the corpuscles of the same individuals, in a certain proportion dump- 
ing of the corpuscles, or isoaggiutination, occurred. 
Shattock at the same time (1900) noticed that when the serum of patients with 
pneumonia,  erysipelas,  typhoid,  and  acute  rheumatism  was  added  to  normal 
human  blood,  dumping  of the  corpuscles, or agglutination,  occurred.  This he 
considered a pathological phenomenon since it was not found when normal human 
blood serum was added to normal blood.  Donath found that the serum of pa- 
tients with various blood diseases (chlorosis, secondary anemia, leucemia) aggluti- 
nated  normal red blood corpuscles,  whereas  normal human sera would not ag- 
glutinate normal human red cells.  Griinbaum observed that sera from cases  of 
typhoid fever and scarlet fever would clump the corpuscles of a patient with an- 
other  disease,  but  would  not  dump  corpuscles from a  patient  with  the  same 
disease.  Eisenberg found that the serum of normal individuals seldom (1 in 10) 
agglutinates the corpuscles of healthy individuals, but in a large series of patients 
ill with various diseases agglutination of the corpuscles frequently occurred.  Lo 
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Monaco and Panichi noticed  agglutination  Of the corpuscles in cases of malaria. 
Ascoli observed this reaction  in both well and sick individuals,  but in  the latter 
in greater intensity.  Landsteiner (1901) showed that the isoagglutination  reac- 
tion occurred  with  normal  blood,  and  divided  individuals  into  three  classes, 
according to the reaction,  as follows: 
Group A.  Serum agglutinates  corpuscles of Group B.  Corpuscles are agglu- 
tinated by sera of Groups B and C. 
Group B.  Serum agglutinates  corpuscles of Group A.  Corpuscles are agglu- 
tinated by sera of Groups A and C. 
Group C.  Serum agglutinates  corpuscles of Groups A and B.  Corpuscles are 
not agglutinated by sera of either Group A or B. 
Later, Langer,  yon Decastello  and SturU, Ascoli, and Hektoen confirmed the 
fact that the phenomenon of isoagglutination  is independent of health or disease. 
Moss  (1910) and Jansk~ independently showed that the classification of Land- 
steiner  was incomplete  in that if the serum of a suffidenfly large group of indi- 
viduals is tested against the corpuscles of each of the group, some would.be found 
who do not fall into any of the three groups of Landsteiner  (Moss' Group I). 
Moss classified individuals as follows: 
Group I.  Serum agglutinates  no corpuscles.  Corpuscles  are agglutinated by 
sera of Groups II, III, and IV. 
Group II.  Serum  agglutinates  corpuscles  of Groups I  and III.  Corpuscles 
are agglutinated by sera of Groups III and IV. 
Group III.  Serum  agglutinates  corpuscles  of Groups I  and II.  Corpuscles 
are agglutinated by sera of Groups II and IV. 
Grodp IV.  Serum agglutinates  corpuscles of Groups I, II, and III.  Corpus- 
cles are agglutinated by no sera. 
These relations may also be tabulated as follows: 
Serum. 
Group I .................... 
"  II  .................... 
"  III  .................. 
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Moss proposed the following hypothesis as a probable explanation  of the vari- 
ous isoagglutinin  groups. 
Group I.  Serum  contains  no agglutinin.  Corpuscle~ possess  receptors  a, b, 
and c. 
Group II.  Serum contains agglutinin A.  Corpuscles possess receptors b and c. 
Group HI.  Serum contains agglutinin B.  Corpuscles possess receptors a and c. 
Group IV.  Serum contains  agglutinin  C.  Corpuscles possess no receptors. w.  ~r.  HAm'  315 
Von Dungern and Hirschfeld (1909--10, 1910, b, 1910-11)  working at the same 
time found that individuals fall into four groups which they designated as follows: 
Group AB, corresponding to Moss' Group I. 
Group A, corresponding to Moss' Group II. 
Group B, corresponding to Moss' Group HI. 
Group O, corresponding to Moss' Group IV. 
They assumed that the agglutination reactions are due to the presence of two 
agglutinin radicals, A and B, in the corpuscles, and two agglutinins, ~, and B, in 
the serum, and explained the presence of the phenomena on the following basis. 
Group AB  (5.7 per cent)  contains in the serum no agglutinin; contains in the 
corpuscles receptors A and B. 
Group A  (47.3 per cent) contains in the serum agglutinin 8; contains in the 
corpnsdes receptor A. 
Group B  (11  per cent)  contains in  the serum agglutlnln  a;  contains in the 
corpuscles receptor B. 
Group O (36 per cent) contains in the serum agglutinins ~ and 8; contains in 
the co~rpnsdes no receptors. 
Therefore, the serum of Group A agglutinates the corpuscles of Groups B and 
AB because they both contain the receptor B.  The serum of. Group B aggluti- 
nates the corpuscles of Groups A and AB, both containing the receptor A.  The 
serum of Group AB agglutinates no corpuscles  as the serum has no agglutlnln. 
The serum of Group O agglutinates corpuscles of Groups A, B, and AB, as they 
contain receptor A or B, or both.  These authors believe that the characters A 
and B  are inherited according to the Mendelian law of heredity.  Epstein and 
Ottenberg have also advanced this theory. 
It will be seen that there are at least two, possibly more, explanations to account 
for the interagglutination reactions of human serum and corpuscles. 
Various authors report the presence of isoagglutlnlns  in animals (dogs,  cats, 
steers, monkeys, etc. (Kahn and Ottenberg;  Ottenberg, Friedman, and Kaliski; 
yon Dungeru and Hirschfeld (1909-10, 1910, a); Ingebrigtsen; Fishbein), but have 
failed to show that groups exist within an animal species as in the case of man. 
As to the mecbani~m of production of isoagglutlnlns  in the blood of man no 
definite proof has been forthcoming,  although  several explanations  have been 
offered; i.e.,  that isoagglutinins pass through the chorion from mother to fetus, 
that they are formed in infancy by an immunity reaction like bacterial agglutinins  , 
that they are absorbed through the mill~ of the mother by the infant, that they 
are formed as the result of an immunity reaction against bacteria of the intestinal 
tract, and finally,  that they are formed by the disintegration of red corpuscles in 
the individual (Halban, Ascoli, Eisenberg, Langer). 
Although the isoagglutination reaction may be obtained with the blood of all 
adults, this is not universally true of infants.  Halban was the first to study the 
isoagglutination reaction of maternal and fetal blood (blood from the umbilical 
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greater than that of fetal serum as tested against adult and fetal corpuscles,  and 
that maternal corpuscles  were more readily agglutinated than were fetal corpus- 
des.  He states that agglutinins do not necessarily pass from mother to fetus as 
the  mother's blood may possess agglutinins which may be absent in the infant's 
blood. 
Halban and Landsteiner found that mother's blood possessed a greater content 
of isoagglutinins as tested against rabbit blood than does infant's blood.  Langer 
found that the serum of the newly-born agglutinated corpuscles of the mother in 
• only three of eleven cases tested and seldom agglutinated adult corpuscles or c~- 
puscles of other newly-born; he also found that the corpuscles  of blood from the 
cord and from the newiy-born were more often agglutinated by the serum of the 
newly-born and adults than were adult corpuscles by the serum of the newly-born, 
and finally, that the mother might possess isoagglutinius  which were absent in the 
newly-born, which shows that isoagglutinins do not pass from the mother through 
the chofion to the fetus. 
Von Decastello and Sturli tested the serum of newly-born infants (umbilical 
cord)  against the corpuscles  of the mother and of other adults, and found in a 
small series of seven tested that the blood of infant and mother may give different 
agglutination reactions.  They noted further that the serum of the newly-born is 
usually weaker in  agglutinin  than  that of the adult,  and that  agglutination is 
occasionally  absent.  In a series of eleven infants, 7 days to 4 months old,  they 
noted frequently the absence of agglutinins in the serum, and concluded  that with 
most young children the reaction is not so clear-cut as with adults.  They state 
that serum soon after birth acquires agglutinin, and later the corpuscles  them- 
selves acquire agglutinophilic receptors by an immunization process. 
Von Graft and yon Zubrzycki found that serum of blood from the umbilical 
cord is poorer in agglutinin against mother's corpuscles than is the mother's serum 
against corpuscles of other adults.  Schenk  (1904) tested the interagglutination 
reactions between mother's and infant's blood, and concluded  that the sera of 
mothers seldom agglutinated corpuscles of their own children, and that the serum 
of the child is inactive against the corpuscles  of the mother.  In other words, the 
sera of the one and corpuscles of the other behave as if they ~elonged to the same 
individual.  Recently Cherry and Langrock tested  the blood of thirty infants 
against the mothers' blood and found no agglutination, and so concluded that one 
can safely use mother's blood for the transfusion of her own infant.  In summary, 
then, it has been noted that blood from the fetal cord and the blood of newly-born 
infants is poorer in isoagglutinin than that of adults, and that the isoagglutinin is 
frequently absent. 
In view of the uncertainty regarding isoagglutination  of infants it 
was undertaken  to determine  (1) whether the isoagglutination groups 
as they occur in adults are present at birth;  (2) if not present at birth, 
how soon after birth they are established; and  (3)  the order in which W.  ~.  ~.¢e1'  317 
the serum acquires agglutinins for the four adult groups of corpuscles, 
and  the order in which the corpuscles become agglutinable by the 
four adult groups of sera. 
Method. 
In order to determine whether isoagglutinin was present in the sera 
of the infants studied, they were tested against the corpuscles of the 
four adult groups, and similarly, to determine whether the corpuscles 
of the infants were agglutinable they were tested against sera of the 
four adult groups.  This proceduro possessed the advantage of showing 
whether the serum or corpuscles of the infant fell into any of the es- 
tablished four adult groups.  Serum and corpuscles were freshly ob- 
tained from infants and adults  each time the tests were made.  A 
large series of adults was therefore grouped in order to have available 
at any time the fresh serum and corpuscles of the four groups.  1 
With a  Wright tube a  small amount of blood was drawn from the 
finger of the individual (adult)  to be tested, sealed, allowed to clot, 
and centrifuged.  One drop of this serum was placed on a  cover-slip 
with a  glass capillary pipette with one drop of a  dilute suspension of 
washed red blood  corpuscles of a  known Group II,  stirred,  and in- 
verted on a hollow ground slide.  Similarly a drop of serum was placed 
on another cover-slip with a drop of a dilute suspension of washed red 
blood corpuscles of a known Group III, incubated for 1 hour, and read 
microscopically for agglutination.  In  this  way,  a  large number of 
ward patients and laboratory workers were grouped.  The following 
proportion of groups in several hundred adults tested was found. 
#er cent 
Group I .....................................................  3 
Group II ....................................................  35 
Group IH ........... .  ........................................  12 
Group IV ...................................................  50 
100 
The serum and corpuscles were then obtained from each of the four 
adult groups--the serum in Wright tubes, which were centrifuged and 
the  serum separated;  the corpuscles collected in  a  tube  containing 
t In this paper the numbers of the groups are those used by Moss (1910). 318  ISOAGGLUTINT~S  IN INFANTS AND  CHILDREN 
1.5  per  cent  sodium  citrate  in  0.85  per  cent  sodium  chloride  and 
washed  twice  in  0.85  per  cent  sodium  chloride.  The  serum  and 
corpuscles were obtained fresh each time the tests were  to  be made. 
In a similar manner seru~n and corpuscles were obtained from a number 
of infants.  To a  drop of each of the four adult group  corpuscles a 
drop  of infant's  serum  was added.  Similarly,  to  a  drop  of each of 
the  four adult  group  sera  a  drop  of infant's  corpuscles was added. 
This may be represented diagrammatically  as follows: 
Corpuscles. 
! 
I  Group  I.  Group II.  Group III.  Group IV. 
Infant seruin  I 
Sera. 
Group I.  I  Group  II.  Group HI.  [  Group  IV. 
' t  i  J~fant corpuscles ............ 
This makes eight  tests for each infant's  blood.  The preparations 
were examined immediately to see whether the cells were evenly dis- 
tributed and no false clumping was present, as may occur from insuf- 
ficient washing or shaking,  and  were then incubated  at 37.5°C.  and 
read at the end of ½,  1,  and 2 hours.  ~  The microscopic method was 
used throughout.  It was found to be more accurate than the macro- 
scopic for the reading of slight degrees of agglutination.  By referring 
to the tabulation on page 314 the group of the unknown serum or cor- 
puscles can be read. 
RESULTS. 
Fetal blood, that is blood taken from the umbilical cord at birth, 
was obtained first,  and then the blood of infants  and older children. 
The  results of the  reaction  as tested against  adult group  corpuscles 
and sera are shown in Tables I  to V. 
s Great care was taken to procure clean glassware.  The hollow ground slides 
were washed in boiling water,  dried, placed in 95 per cent alcohol, and dried as 
used.  The cover-slips were boiled, put in 95 per cent alcohol, and wiped dean as 
used.  The glass capillary pipettes and centrifuge tubes for collecting red blood 
corpuscles were sterilized by dry heat.  The salt and citrate solutions used were 
sterile. w.  M.  ~,  319 
TABLE  I. 
Blood from  the  Umbilical  Cord  and  Infants  up  to  1  Month  of Age. 
Infant's~serum  i  Infant'S,  ersusCOrpuscIes  ~  ! 
•  ! 
1914  days 
1  White.  M.  une  4  11  0 *  0  0  0  I  0  +  ~U  +  I  I 
2  Negro.  F.  "  4  4  0  0  0  0  0  +  0  -]-  III 
"  9  9  0  0  0  0  0  -I-  0  +  III 
3  "  "  "  4  10  0  0  0  0  0  0  0  0 
4  White.  M.  "  4  1  0  0  0  0  0  0  -t-  +  II 
'  "  9  6  0  0  0  0  0  0  +  -t-  II 
5  "  F.  "  4  2  0  0  0  I0  0  0  -I-  -~"  II 
"  15  13  0  0  0  0  I  0  -t--t-  -t-  I  I 
6  "  "  "  4  5  -t-  +  0  0  III  0  0  0  0 
"  6  7  -l-  -t-  0  0  III  0  0  0  0 
7  "  NI.  "  4  F.B.?  0  0  0  0  0  0  0  0 
"  6  2  0  0  0  0  0  0  0  0 
"  16  12  -l  -?  0  0  0  0  0  0  0 
8  "  F.  "  5  F.B.  0  0  0  0  0  0  -t-  ~+  II 
"  18  13  0  0  0  0  I  0  -t-  +  i+  I  I 
9  Negro.  "  "  6  F.B.  0  0  0  0  0  0  +  +  II 
"  9  3  0  0  0  0  0  0  -t-  +  II 
"  16  10  0  0  0  0  I  0  -t-  +  -~  I  I 
10  White.  "  "  6  F.B.  0  0  0  0  0  0  0  0 
11  "  M.  "  6  7  0  0  0  0  0  0  0  0 
12  Negro.  F.  "  6  7  :]:  :]:  :]:  :]:  0  0  0  -I- 
"  16  17  0  0  0  0  0  0  +  +  II 
13  White.  M.  "  6  10  0  0  0  0  0  0  o÷  w 
14  "  "  "  7  F.B.  0  0  0  0  0  0  -t-  +  II 
"  16  9  0  0  0  0  I  0  +  -t-  -t-  I  I 
15  "  "  "  8  F.B.  0  0  0  0  0  0  0 
"  18  10  0  0  0  0  0  -t-  0  +  III 
16  Negro.  F.  "  9  F.B.  0  0  0  0  ~  ~  1: 
"  18  10  0  0  0  0  0  0  +  +  II 
17  White:  "  "  9  3  <0  0  0  0  0  0  +  -t-  II 
18  "  "  "  9  2  0  0  0  0  0  0  0  0 
"  18  11  +w  0  0  0  0  0  0  0 
* In the tables +  indicates definite agglutination;  -I  -~, doubtfully positive;  -t  -w, 
weakly positive; 0 7, doubtful  or very  slight; 0, no  agglutination. 
t  F.B. (fetal blood) is blood obtained from the umbilical cord at birth. 
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In Table I  is shown the results of 67 tests on 49 infants, the blood 
being obtained from birth up to  the age of 1 month.  The str~ing 
points may be summarized as follows:  (1)  At birth  the group is es- 
TABLE II. 
Blood from Infants  1  to 3  Months  of Age. 
Race.  Sex.  Date.  Age. 
1914  mo$. 
Infant'swr$~serum  i 
corpuscles of.  ! 
~3  ~3  ~  _ 
50  White.  M.  June  ll  3  +  0  0  0 
51  Negro.  F.  "  11  1  +  0  0  0 
52  "  "  "  14  1  0  0  0  0 
531  White.  "  "  14  2  0  0  0  0 
54  "  "  "  18  1  0  0  0  0 
i 
i  1915  zvks. 
serum of. 







55]  Negro.  "  Feb. 17  7  +  +  +  0  IV  0  0  0  0  IV  IV 
~tO$• 
56  White.  "  "  17  2½  0  0  0  0  0  +  0  +  HI 
57  "  "  "  17  2½  0  0  0  0  I  0  +  +  +  I  I 
~a.  + 
58  "  M.  "  20  10  0  0  0  0  0  0  +  II 
59i  "  "  "  23  7  0  0  0  0  0  0  +  +i  II 
i 
I  Mar. ll  9  0  0  0  0  I  0  +  +  +  I  I 
60  Negro.  "  Feb. 23  7  0  0  0  0  0  0  +  i+  II 
1916  raos. 
61  White.  F.  Apr. 15  1½  0  0  0  0  0  0  0  0 
May  5  2  0  0  0  0  0  0  0  0 
62j  "  M.  Apr. 21  2  +w  +w  0  0  HI  0  0  0  0 
63  "  F.  "  24  2}  +w  0  +w  0  II  0  0  +  +  II  II 
64  Negro.  M.  "  25  2  +  0 ?  +  0  II  0  0  0  0 
65  White.  F.  Dec.  6  2  0  0  0  0  0  0  +  +  II 
~Oks. 
35  "  M.I  May  6  6  0  0  0  0  0  0  +  +  II 
36  "  "  June 12  10  0  0  0  0  0  +  0  i+  III 
tablished in very few instances, and the serum of a newly-born infant 
may contain no agglutinin and his corpuscles be inagglutinable.  (2) 
The group was established in only one of the fifteen samples of blood 
obtained from the cord.  (3)  The corpuscles become agglutinable be- 322  ISOAGGLUTINIIqS  IN IIN-J?AI%TTS  AND  CITTT.DREN 
TABLE  III. 
Blood from  Infants  3  to  6  Months  of Age. 
Race.  Sex.  Date. 
6 
1914 
66  White.  M.  June 11 
67  Negro.  F.  "  11 
68  White.  M.  "  18 
1915 
69  "  "  Jan.  27 
70  "  F.  "  27 
Mar. 10 
71  "  M.  Jan.  27 
72  "  F.  "  28 
73  "  M.  Feb.  6 
74  "  F.  "  20 
Mar.  6 
75  "  M.  Feb. 20 
76  Negro.  F.  "  27 
77  White;  "  "  27 
78  "  M.  "  27 
Mar. I1 
79  "  F.  Feb. 27 
80  "  "  Mar.  3 
1916 
81  "  M.  Apr. 21 
82  "  F.  "  24 
June 15 
83  "  M.  Apr. 18 
84  Negro.  "  "  21 
85  White.  "  "  15 
May  6 
"  26 
June 12 
86  Negro.  F.  Apr. 24 
May  6 
62  White.  M.  "  24 
June '12 
Age. 
Infant's  serum~rsws  ~ Infant's  corpuscles~rsus  ~u  !~. 
corpuscles of.  ~  serum of.  R 
g  R  R  ~- 
0  0  0  G  0  0  +  +  II 
4-  +  0  C  Ill  0  +  0  +  HI  IIl 
0  0~0  0  1  O+  +  +  I  I 
i 
4-  0  4-  0  II  0  0  0  0 
0  0  0  0  0  0  0  0 
0  0  0  0  0  +  04-  IH 
0  0  0  0  0  0  0  o 
0  0  0  0  0  0  '0  0 
4-  4-  4-  0  IV  0 i  0  0  0  IV  IV 
o  o  o  o  ~ti,  ,  , 
0  0  0  0  0  0  0  0 
0  0  0  0  0  0  0  0 
4-  0  4-  0  II  00  +  4-  II  II 
4-  0  +  0  II  0  0  +]4-  II  II 
0  0  0  0  4-  0  4-  III 
0  0  0  0  -b  0  +  III 
0  0  0  I  0+4-4-  I  I 
+  +,  +?  IV  ?  0  0  0  0  IV  ?  IV  ? 
i 
0  0  0  0  0  +  +  II 
0  0  0  0  0  [0  0 
0  0  0  0  0  iO  0 
0  0  0  0  0  0  0 
0  0  0  0  0  0  0 
o  o  o  o  +"  o  +  In 
o  o  o  o+'o  +  in 
o  o  o  o  +  o  +  iii 
o  o  o  o  +  o  +  in 
O?  0  0  0  0  0 
?  +  0  ?  0  0  0  0 
+w  +w  0  III  0  0  0  0 
+  +  o  in  o  o  !o  o 
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fore agglutinln is present in the  serum.  (4)  In  only seven of the 49 
infants  tested  was  agglutinin present  in  the  serum,  though  the  cor- 
puscle  s were agglutinated in thirty-two cases.  (5) Isoagglutination in 
TABLE  IV. 





1914  ~'wS. 
+÷  87  White.  M.  June 16  11 
88  "  F.  "  16  8  +  + 
89  "  M.  "  16  9  + 
90  Negro.  F.  "  16  10  0  ?  0 
91  "  M.  "  16  10  +  + 
92  White.  i  "  "  14  7  0  0  ' 
93  "  I  "  "  18  8  0  0  , 
I  1915 
94  "  i  "  Jan.  27  10  0  0  ' 
95  "  iF.  "  27  6  +  + 
71  "  M.  Feb. 27  6½  0  0  q 
96  "  "  Jan.  28  6½  +  0 
Mar.  6  7~  +  0 
97  "  "  Jan.  28  6  0  0  q 
98  "  "  Mar.  5  10  -I-  +  I 
99  Negro.  "  "  5  10½  0  0 
1916 
100  White.  F.  Apr. 15  6½  -I  -w  0 
May  6  7~  +  |0 
101  • "  "  Apr. 19  10  0  [0  q 
102  "  M.  "  19  11  +  + 
103  "  "  "  19  8½  +  + 
104  "  F.  "  21  9  +  + 
105  "  "  "  21  8  +  0 
106  "  "  May  6  7~  0  ?  0 
"  26  8  +w/0 
36  "  M.  Sept. 12  6  +  I"  ( 
82  "  F.  "  12  7-~  +  I+  ( 
'~  Infant's  corpuscles  ~  ! 



















such  a  way  as  to  allow classification of the infant in one of the fixed 
adult groups occurred in only eight  of  the  49  cases tested.  Of these 
one belonged to Group IV, and the other seven to Group I.  No mere- T&BLE  V° 
Blood  from  Children  1  to  10½  Years  of  Age. 
•  ~  Race.  Sex.  Date. 
1914 
107  White.  M.  June ll 
1915 
Feb.  2 
1.014 
108  Negro.  F.  June 14 
Age. 
Child's  Child's  $ 
serum  6.  corpuscles 
t-.~:  i.-4  t.,,.i  mt~ 
--i  .... 
13 mos.  +  +  0  0  III  0 +  0  +  III  III 
21  "  ++  0  0  III  0'+  0  +  III  HI 
18  "  ++++*  IV  ?  0  0  0  0  IV  ?  IV  ? 
109  "  M.  "  18  2yrs.,lmo.  ++  0  0  III  00  0  0 
1915 
110  White.  "  Jan.  27  3  "  7mos.  +  0 !+~  0  II  0  0  +  +  II  II 
ill  "  "  "  27  4  "  1 too.  +  0  +  0  II  0  0  +  +  II  II 
112  "  "  "  27  5  "  2mos.  0!0  0  0  I  0~+++  I  I 
11,3  Negro.  F.  "  27  3  "  2  "  +!+:o  o  III  o+  o  +  III  III 
Mar.  5  3  "  3  "  +  +j o  o  III  o +  o  +  III  III 
114  "  M.  Jan.  28  19mos.  ++]+  0  IV  0  0  0  0  IV  IV 
115  White.  "  Feb,  2  20  "  ++i+  0  IV  0  0  0  0  IV  IV 
116  "  F.  "  2  10½ yrs.  ++[0  0  III  0+  0  +  III  III 
117  ......  2  +1++o  Iv  oooo  IV  iv 
118  "  "  "  2  4½  "  +tO+  0  II  0  0  ++  II  II 
119  "  "  "  4  8½  "  +]++  0  IV  O0  0  0  IV  IV 
120  "  "  "  4  3yrs.,8mos.  +!+  0  0  HI  0+  0  +  III  III 
121  "  M.  "  4  3yrs.  +:+  +  0  IV  0  0  0  0  IV  IV 
122  "  "  "  5  2yrs.,gmos.  +O+  0  II  00  ++  II  II 
123  "  "  "  6  3  "  9  "  +!0  +  0  II  0  0  ++  II  II 
124  Negro.  "  "  6  2yrs.  +++  0  IV  0  0  0  0  IV  IV 
125  White.  "  "  20  2yrs.,Smos.  ++[0  0  III  0+  0  +  III  III 
17  mos.  ++i+  0  IV  0  0  0  0  IV  IV 






"  "  Mar.  ,3 
1914 
"  "  3une 18 
191a 
"  "  Apr. 24 
"  F.  "  24 
"  "  "  15 
131  Negro.  "  "  21 
70  White.  "  May  2 




58  " 
75  " 
12  u 
22  "  +  +  +  0  IV 
2  yrs.  +0+  0  II 
2  "  +0+  0  II 
19mos.  +  +  0  0  HI 
19  "  +j++  0  IV 
"  M.  "  2  2yrs.,2mos.  0  0  0  0  I 
"  "  "  2  ]2  "  10"  IV 
gC 
+++  0  IV  0  0  0'0  IV  IV 
000 i+  IV  IV 
0  0  +  II  II 
0  0  II  II  oo+o !  m 
0  0  IV  IV 
0++  I  i 
÷++  0  oo  0  oj  IV  iv 
,'  2  2  "  5  "  Io  0  0  0  i  o+++i  i  I 
"  2  lZmos.  +0+  0  II  oo++i  II,  II 
"  2  19~  "  +i++  0  IV  0  0  0  0  IV  IV 
* Serum  agglutinated eorpusdes  of all four  adult  groups.  Serum  heated  to 
56°C. for 30 minutes still agglutinated all four groups of corpuscles. 
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bers of Group II or  III were present.  (6)  The  corpuscles may be 
agglutinated by a serum of Group IV only, or by the serum of Groups 
II and IV, or III and IV, without the serum possessing any agglutin- 
ins, and an infant's corpuscles that are agglutinated by the serum of 
TABLE VI. 
Summary of Agglutination Reactions'. 
Serum contalned 
No.  Corpuscles  Serum contained  aggintinin; cor-  puscles aggluti-  of in-  agglutinated,  agglutinin.  Cases in which 
divid-  Age.  fixed group,  group was estab-  TNa~o]e  nated; i.e., 
•  uale  li~hed. 
tested. 
No. of  Per  No. of  Per  No. of  Per 
infants,  cent.  infants  cent.  infants,  cent• 
I  49  Birth  32  65.3  7  14.2  8  16.3  Group  I,  7 
to  "  II, 0 
1 too.  "  III,  0 
"  IV,  1 
II  18  1-3mos.  10  55.5  6  33.3  4  22.2 
HI  22  3-6  "  10  45.4  8  36.3  7  31.8 
IV  23  6-12  "  15  65.2  15  65.2  16  69.5 
V  32  1-10~yrs.  18  56.2  28  87.5  31  96.8 
Total...  144 
"  I, 2 
"  II,  1 
"  HI,  0 
"  IV,  1 
"  I,  2 
"  II,  2 
"  III,  1 
"  IV,  2 
"  I,  3 
"  II,  4 
"  IH,  5 
"  IV,  4 
"  I,  4 
"  II,  8 
"  III,  6 
"  IV, 13 
Groups III and IV may later acquire receptors for theserum of Group 
II, the infant thus becoming a member of Group I.  (7)  The serum 
may possess  agglut{nln  against  the  corpuscles of  Group  I  only, or 
Groups I  and II, or GrOuPS I  and III, or in one case Groups I, II, and 
III (Group IV). 326  ISOAGGLUTINIi~S I~ II~ANTS AND  CItlLDREN 
In Table II are seen the results of twenty tests on eighteen infants, 
1  to  3  months old.  In  these,  agglutination of  the  corpuscles  took 
place in ten cases and agglutinin was found in the serum in six.  The 
group was  established in  serum  and  corpuscles in only four of the 
eighteen cases. 
In Table III thirty-one tests on twenty-two infants, 3 to 6 months 
of age,  showed that agglutination of the corpuscles occurred in ten 
cases, and agglutinins in the serum in eight cases; the group was es- 
tabl/shed in serum and corpuscles in seven of the twenty-two. 
In Table IV twenty-six tests on twenty-three infants,  6 to 12 months 
of age, showed that agglutination of  the  corpuscles  occurred  in  fif- 
teen cases, and agglutinins were present in the serum in fifteen; the 
group was established in serum and corpuscles in sixteen cases. 
Table V shows the results of thirty-four tests on thirty-two children, 
1 to 10½ years of age.  Agglutination of the corpuscles took place in 
eighteen cases, and agglutinins were present in the serum in twenty- 
eight;  the group was established in serum and corpuscles in thirty- 
one of the thirty-two. 
These results are summarized in Table VI. 
Results  of Successive  Agglutination  Tests  on  the Same  InfanL 
By referring to Tables I  to V it will be noted that in thirty-eight 
cases the agglutination tests were repeated in the same infants' blood. 
In twenty-three of these there was no change in the grouping obtMned. 
In fifteen the reaction had changed (Table vii). 
These results may be summarized as  follows: 
Instances m which corpuscles showed  no agglutination at first exami- 
nation; later acquired receptors, becoming Group II .............  l 
Instances in which corpuscles showed no agglutination at first exami- 
nation; later acquired receptors, becoming Group III ............  4 
Instances m which corpuscles showed receptors for Group II at first 
examination; later acquired receptors, becoming Group I .........  6 
Instances in which serum showed no agglutinin at first examination; 
later acquired agglutinin, becoming Group II ...................  2 
Instances m which serum showed no agglutinin at first examination; 
later acquired agglutinin, becoming Group III ..................  3 
Instances m which serum showed no agglutinin at first examination; 
later acquired agglutinin, becoming Group IV ...................  1 
Instances m which serum showed agglutinin for Group III at first ex- 
amination; later acquired agglutinin, becoming Group IV .........  1 W.  M.  HAPP  327 
TABLE  VII. 
Clumges  ~  Agglutination  Rea~tlon  on  Repealed  Examination. 


















F.B.  Not established. 
4 days.  "  " 
11  "  I 
7 days.  Not established. 
17  "  "  " 
10 days.  I 
F.B.  Not established. 
10 days.  "  " 
F. B, 
5 days. 
((  (( 
I 
3 wks.  Not established. 
10  "  "  " 
6 mos.  HI 
7 wks.  Not established. 
9  "  I 
4  mos.  Not established. 
5i  "  "  " 
19  "  HI 
3  "  Not establi~ed. 
4|  "  "  " 
71  "  III 
5  "  Not estab~hed. 
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TABLE V~--  Condoled. 









5~  ,t 

















~C  t~ 
It  is  thus  evident  that  corpuscles  possessing  no  agglutinophilic 
receptors, i.e. not agglutinated by any sera, may acquire receptors, 
becoming members of Group II, III, or I, and that Group II corpus- 
des may change to Group I by further acquisition of receptors.  This 
is also probably true for Group III corpusdes. 
Similarly a serum containing no agglutinln, i.e. agglutinating no cor- 
puscles, may acquire agglutinin for Group II, or for Group III, or for 
Group  IV,  and  a  serum  containing agglutinln for  Group  III  may 
change to  Group IV by further  acquisition  of  agglutinin.  This  is 
also probably true for Group II. 
I  have not seen a  serum give up agglutlnln which it has once ac- 
quired or corpuscles give up receptors, and do not believe that this 
Occurs. 
It is apparent, therefore, that an infant may be born with agglutinin 
in his blood, but it is rarely present in serum and corpuscles at birth 
so as to place him in a fixed group.  He acquires further agglutinin 
first in his corpuscles and then in his serum and establishes his quota 
of  group  agglutinlns usually by  the  end of  the  1st  year.  After  1 
year  thirty-one  of  the  thirty-two  children had  their  group  estab- 
lished,  the one exception  (No.  109, Table V)  showing a  Group III 
serum, with his corpuscles still inagglutinable.  After 1 year the rela- 
tive proportion of the fixed groups is approximately the same as with 
adults. w.  M.  ~!a,P  329 
Relation  of the Mother's  Blood Grouping  to Tha$ of the  Infant. 
In twenty-three cases the group of the mother was  determined si- 
multaneously with that of the infant (tested against the same  group 
corpuscles and sera).  The results are given in Table  VIII. 
In twenty-three cases the mothers' groups were as follows: 
Group I .................................  : ...................  1 
Group II ...................  : ................................  9 
Group III ...................................................  4 
Group IV ....................................................  9 
Total .....................................................  23 
The infants' groups were as follows: 
Group not established .........................................  16 
Group I .....................................................  3 
Group II ....................................................  1 
Group HI ...................................................  3 
Group IV ....................................................  0 
Total .................  .....................................  23 
In cases in which the infant's group  was  established the following 
results were obtained. 
Instances in which blood of mother and infant were of same group...  1 
Instances in which blood of mother and infant were of different groups  6 
Instances in which mother'sserum agglutinated the infant's corpuscles  11 
Instances in which  mother's corpuscles  were  agglutinated  by  the 
infant's serum ..............................................  3 
It has been suggested by Cherry and Langrock and others that it is 
safe to transfuse infants with their own mother's blood without pre- 
liminary  tests.  It would  appear  from  the  results given above  that 
this is not a safe practice for the possibility of changes from agglutina- 
tion is frequently present.  For example,  the mother may belong to 
Group II  and the infant to Group III, or vice versa, or the mother to 
Group II and the infant to Group I.  This may occur in an infant as 
early as the 4th day (No. 2, Table VIII).  It would seem safer, there- 
fore, to make preliminary tests on all infants. TABLE  VIII. 
Relation  of the  Grouping  in  the  Mother's  Blood  to  That  in  the Infant's  Blood. 
No. of  Mother's  Infant's 
infant,  blood  Infant's  serum group. 
group,  age. 
days 
2  II*  4  Not established. 
9  "  " 
3  IV  10  "  " 
4  IV*  1  "  " 
5  II*  2  "  " 
13  I 
6  IV  5  III 
7  III 
7  IV  F.B.  Not established. 
2  ~  ~ 
12  "  " 
8  II*  F.B.  "  " 
13  I 
11  IV  7  Not established. 
13  IV  10  "  " 
g~0S, 
70  III  4  "  " 
5½  .... 
19  III 
p6  IiI*~  71  ii 
97  II  6  Not established. 
ides. 
59  II*  7  "  " 
9  I 
days 
28  IV  12  Not established. 
29  III*  6  "  " 
30  II  9  "  " 
31  II  5  "  " 
32  III  4  "  " 
33  IV*  6  "  " 
34  IV*  3  "  " 
I0~$. 
36  II*t  3  "  " 
10  "  " 
fq$@$. 
6  III 
65  I  2  Not established. 
82  II*t  3  "  " 
4½  .... 

































Infant's blood group. 








c~  c~ 
I 
Not  established. 
III 
Not  established. 
III 
* Infant's corpuscles agglutinated by mother's serum. 
t  Mother's corpuscles agglutinated by infant's serum. 
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Presence  of  Group  Isoagglutinins  in  the  Mother's  Milk  and  Their 
Relation  to the Infant's  Blood  Grouping. 
As is well known, various bacteriological  antibodies  have been found to pass 
over from the mother's blood to mother's milk, and through the milk to her nursing 
infant, and subseqiaentiy  to appear in the infant's blood.  Ehrlich  first demon- 
st.rated this by immunizing female mice to abrin,  riein, swine plague, diphtheria, 
and tetanus toxin, and demonstrating the presence of antitoxin to these substances 
in the milk of the mother and through the milk to the blood of the nursing young. 
Brieger and Ehrlich showed that this was also true of diphtheria  antitoxin.  Rb'mer 
(1901) found that colts nursing  mares immunized  to diphtheria  acquire  consid- 
erable  diphtheria antitoxin  in the blood, and R~mer and Sames, and R~mer and 
Much showed that newly-born  sheep  acquire  immunity to tetanus by nursing 
immune  mothers or by having the milk of immune  mothers  fed per os, and the 
presence of tetanus antitoxin may be demonstrated in the blood.  They explained 
this by the fact that the intestines  of the newly-born  animal  are permeable  to 
foreign  protein  (antitoxin)  which  passes  through to the blood.  After the 3rd 
day little  is absorbed  through the intestines.  They found this to be true also in 
a calf during the first 6 days of life.  They state that more antitoxin  is absorbed 
througll the colostrum than through the milk, as eolostrum contains more albumin 
and globulin.  A number of other authors have confirmed this. 
Other substances,  such as alexin (Moro) and hemolysins (Pfauncller and Moro), 
have been shown to appear in milk. 
It was first demonstrated by Widal and Siec~rd (1897, a, b), later by Landouzy 
and  Griffon, Castaigne,  RSmer (1909), and Rosenan and  McCoy that typhoid 
agglutinins  may  pass  from mother to nursing  infant by way of the milk.  In 
regard to hemagglutinins,  Kraus by injecting  rabbits with dog corpuscles found 
immune hemagglutinins  in the blood and milk of rabbits,  but though present in 
the milk they were not found in the blood of the nursing young rabbits.  Langer 
first  demonstrated isoagglutinins  in the milk and colostrnm  of human mothers, 
but was unable  to demonstrate them in the blood of ten nursing infants,  2 to 9 
months of age, although present in mothers' milk.  Schenk (1905) found that the 
milk  of normal women  contains  isoagglutinin  as does the colostrum.  Von Zu- 
brzycki and Wolfsgruber found normal isoagglutinins in human milk.  These are 
present in greater proportion in the first 10 days of the puerperium than later, but 
they found the agglutinins  present in small amounts or absent in the blood of 
nursing  infants. 
I was able  to confirm this  by examining the breast  milk of  fourteen 
nursing women, finding  in each instance  isoagglutlnins  present (Table 
IX).  Furthermore, the isoagglutinins  fcU  into  groups identical  with 
those of the mothers' blood.  The groups were determined by testing 
the  milk  against  corpuscles  of  Groups II  and III,  the  method cmploycd 
bclng similar  to  that  used in  testing  the group of  a serum. 332  ISOAGGLUTIN~S  IN  INFANTS  AND  C~LDREN 
In each instance the agglutination of the Serum and corpuscles of 
the nursing infants was also tested.  It will be seen that of the four- 
teen infants tested, in only five was the group established in the serum 
and corpuscles, although one (No. 97) had been nursing the mother for 
TABLE  IX. 
Relation  of the Grouping  in the Mother's Milk to  Tha~ in the Infant's Blaod. 
.~  Date.  ~  •  ~  -  ~  Infant's  serum group. 
z  ~ 
1915  mos. 
96  Mar.  6  III  III  7~  II 
97  "  6  II  II  7¼  Not established. 
days 
31  "  8  II  III  5  "  " 
29  "  8  III  II  6  "  " 
30  "  8  II  II  9  "  " 
28  "  8  IV  IV  12  "  " 
mO$. 
70  "  I0  III  HI  5½  "  " 
1916 
May  2  19  HI 
1915  wks. 
59  Mar.  ll  II  II  9  I 
days 
33  "  12  IV  IV  6  Not established. 
34  "  12  IV  IV  3  "  " 
32  "  12  III  HI  4  "  " 
1916  wks. 
36  June  12  ~  $  10  .... 
ItlO$. 
Sept. 12  II  II  6  III 
82  Apr.  24  ~t  ~  3  Not established. 
Sept. 12  II  II  7~  III 









Infant's blood group, 
II 
Not established. 



















Test not done. 
7~  months.  The blood of the fourteen nursing infants had no more 
isoagglutinin than  did  the  blood  of  other  infants,  artificially  fed, 
tested at the same age, so it would appear that the infant does not 
acquire his hemisoagglutlnin through his mother's milk. w.  ~.  R~P  333 
SU%f~AI~Y AND  CONCLUSIONS. 
1,  The isoagglutination reaction of  131 infants  and  children from 
birth to 10½ years was examined by testing their serum and washed 
corpuscles microscopically against the serum and corpuscles of each 
of the four aduit groups. 
2.  The grouping as present in adults is rarely present in blood from 
the umbilical cord. 
3.  At birth  and  during  the  1st  month of  life  isoagglutination  is 
rarely present, but the percentage of infants in whom the isoaggluti- 
nin group is established increases with  age, so that after  1 year the 
group is usually established,  and after  2  years is always present as 
in adults. 
4.  The grouping is established in the corpuscles before it is estab- 
lished in the serum; i.e., the corpuscles acquire agglutinophilic recep- 
tors before the serum acquires agglutinln.  Therefore, Group I is the 
first group to be formed and Group IV is the last. 
5.  The early grouping in the corpuscles before the group is estab- 
lished in the  serum  is  liable  to  change  by  the  acquisition  of  new 
receptors. 
6.  When the grouping has been established in both serum and cor- 
puscles it does not change. 
7.  Isoagglutinins are present in mother's milk and the grouping is 
identical with that in the mother's blood.  These agglut{-{us are prob- 
ably not transmitted to the nursing infant through the milk. 
8.  On account of the differences between the agglutination reactions 
in the blood of mother and child it is not safe to transfuse an infant 
from its mother without making the preliminary tests. 
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